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Sen sitivity a n alysis ofTempe r atu re- e missivity separ atio n
rele v a nt tothe atm o spheric c o rre ctio n
M a s a oM o riya m a
Naga s akiU=liv e rsity
1 Intr odll Ctio n
To estim ate the land s urfaL:ete皿 perat11re a JLd the
spectr al emissivity Sim ulta n e ously (T/E s epar a-
tio n), the new s e n s o rs a･rLd the ne w algorithm s are
ti nde rde v elopm ent. On ethe the S e ns or i8 A S T E R
onbo ard E O S- am 1 wi 11 be htln Ched 19 98. A8 the
pre
-
pr o c e s sing of the T/E s eparation, the atm o-
spheric cor re ctio n which 11S e日the a皿 Ⅹiliary a･tm o
-
spheric data stlCh aBthe air tem per ature/hllmi dity
pr o丘1e, oz o n e a mo u nt and a ero s ola nd so on ･ Sll Ch
atm o sphericdata will be 丘o m the so under, a B Bi mi 1a
-
tion data. o r clim a.te dataB et,itis expectedthatsllCh
data willcont ain tile error. In this study, baB Cd o n
the eror propa･gatio ntheory, the rehtio nship be
-
twe e nthe inptlt(atm osptleric data･)err o r and the
o utptlt(la nd leaping radia n ce) er ror of the atm o-
spheric c orre ctioll pr O CeSS･ A ls oh the 血 dy, the
sim pli丘eds che m eto estim ate the o11tp11t er rorfro m
theinput error.
2
m e an sthe c o mpltation ofthela nd le avi ngr adian ce
fro m the atm ospheric and ele vationdatafr om the
r adiative tr an sfer c ode 畠uCh asM O D T R A Na BFig-
llr e1. T he a.tm o Bpheric c orr e ctionis expressed as
the fo 1lowing equa.tio n.
zsi = を二生 (1)
Ti
Z
si: L and leaving radian c e at竜一th･ channel･
Ji: Satellite obser ved radian ce &ti-th. chan n el･
zai: Atm ospheric radian ce at
'
i-th. chaA nel･
Ti: Totaltransmitta n cc a,Ii
-th･ chann el.
Atm o sphe ric c o r r e ctio n ofFe:まtledlThdelrecaA:cntgi:nTfe:1e:of
n
.
t
u
u:w8B子he raaatio n
A S T E R/T I R
･
8i - EiBi(Ts)･(1 - Ei)登 (2)
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F igll r e1: Sche m atic of A S T E R/T m atm ospheric
cor re ction
For A S T E R/TI Rc ase,the atm o spheric c orre ction
Ei: SllrfaR e emis日ivity a･ti
-th. chann el･
Ts: Sllrface tem perature.
Fi: Dow nw a rdirradia,n e e ati-th. cha n n el･
As the atm ospheric c orrectio n, Ti, Iai a nd Fi are
c o mpllted fr om the atm ospheric data a且d elev atio n
data via the radi&tive traJL5fer code(M O D T R A N).
Since the A S T 瓦R/TIRspectral cha n n e15 are
in the windo ws spe c七r1m , the air te mperar
tu re/hu mi dity proGle, Ozo n e a m o u nt atld aeros ol
ty pe/a･m o tl nt are Slitable aBthe atm ospheric data ･
In Table 1, the atm ospheric data a nd s oll rC e S a r e
sll mm ariz ed.
- 161-
Table 1: Atm ospheric data a nds ollrC e S
Data SollrC e
Air t.e mp
･/hllmi d･ Clim ate
As8imilatiolldata
M O D‥S
02.O n e Clim ate
T O WS
M O D IS
Aeros ol Clim a.te
M ISR/M O DIS
A S T E R
3 Se n sitivity a nalysis
T he A S T ERland lea.vingr adia n ceprodu ct willisslle
n ot orLly the L L R alsothe Do w nw ard irradianee a且d
tlle un C ertaintie日 at e ach pixel. As the c allBe Ofthe
unc e rtainties
,
it is expe ctedthatatm ospheric er roris
the domin a nt factor. In this sttldy,the relatio n ship
betwe enthe atm ospheric data, er ror and the L L R
err orisfor m11ated.
3. 1 Relatio n ship betw e en t he t･r an s-
nitta n c e/atm o sphe ric r adiatio n
e r r o r a nd the I.I,R e r r o r.
From Eq･ (1), the tr an smittanc e a nd the a･tm oI
spheric r adiatio n are theindependentvariables, and
tlle L L Ris the depe ndent v aria,b上e. In this c ase,
the relatio n ship betw e en the err or varia7tC e m at rix
ofthe indepe ndent variablesSi a nd the err or v ari-
a n ce ofthe depeTldent vaJiable orとi Ca nbe expres s ed
asfo llo w stl]･
q字. . - ∇
土I
siSi∇Zai
･iI
8i -(箸,謡)
∂I8i IBi
aTi l
'
i
∂I8i 1
∂Iai Ti
(3)
(4)
(5)
(6)
si -(qた 恕) (7)
a
.fi: Error varian ce of the tra n smitta n c e a･t i-th･
ch an nel.
吃 : h or V arian ce Ofthe atm o spheric radia n ce at
i_th. cia.n n el.
o
.f;,IJ Err or co v arian c e ofthe tr an smi tta n c e a nd
the atm ospheric a,t i-th. cha n n el.
3.2 Relat.io n ship betw e e nthe atm o-
spheric data a nd t･he tr a n s mit-
ta m c e/at m o sphe ric radia n ce
As the inpllt Ofthe･atm ospheric c orrectio n, the air
tem pe ratl re/hu midity profi1e wi 11 be u sed･ In this
se ction
,
the fo r m ulatio n of the tra n smitta n c e a nd
the attn ospheric r adianc e e rror relevant to these at-
m ospheric data.is discll S S ed･ In this cas e, the traJIS-
mitta n c e a 且d the a.tm o spheric raLdianc ebe co m ethe
depe ndent variables, and the pr o五1es are the inde-
pendent va riables･ T he eror varianc e m at rix ofthe
transmitta n c ea nd the atm ospheric radiance Si is
e xpre s sed as the fu且Ction of七he err or v arian ce m ar
t riⅩ ofthe air te mper atu re/hllmidity profile ST,～ ,i
a.nd the Ja c obia.a bfthe tr a n5r nittan ce azld the air
te nperattlr eJi.
si - JiST,～ ,iJl
t
ST
,
tL
,
i -
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】
n
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n: Nu mber Ofthe atm osphericlayer.
T(zj): Air te mperatll re ati-th･ hyer･
u(z}.): Water v apor mi 血g r atio ati-th･ layer･
a
.三(zl.)u(之,-): Error c ovaria n c e ofthe w ater vapor miⅩ-
ing ra.tio at k a nd3
1
1th ･ 1ayer･
q阜(lL.)～(z]): Erro r c ovariance ofthe air te mper ature
a.tk-th. la.yer a ndthe 甘ater va･por miEing ratio
ati-th. layer.
orを(zk)T(a,I): Err or c ova rian c e ofthe air te mperatur e
a,t k a nd3
1
-th. 1a.yer .
For the traJLSmitta n ce, u zlderthe aBSllm ptio nthat
the tr an smittan cei8 expre s ed aBthe La mbert
'
sla w
the partial deriv ativ es are e xpre s eda Bfollow s･
∂T
瓦
= - kT(u) (l l
蒜 - - u T(u)芸 (12
k abs orptio n co e凪cie nt.
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3.3 R elatio n sllip betw e e nthe atm o -
sphe ric data aJld t he do w n w a rd
ir r adian c e
Forthe do wn w a rd ir radian ce erro
,
thes a m edisc u s-
sion a sthe tr ansmi tta n ce/atm ospheric radian c eis
eBe ctive. The er ror varian c e ofthe do w nw ardirra-
dianc e ati-th. ch an n el qをiis expre s s asfo llows.
o
12.i = ∇t(Fi)ST,uj∇(Fi) (1 3)
印 , -(茂了(3･ = 1･ - ,n,, A(i - 1, = ･ , n)
(14)
Table 3= partial deriv ative【1/(g/kg)/K]
[hPa] chlO
300 0. 000 8 75
5 00 0. 0 0370
7 0 0 . 0 0 0 1 9 2
85 0 -7 . 6 2e - 0 5
1 0 1 3- 8
. 26e 1 05
T he partial
ch ll
- 0 . DO O 1 5 8
5 . 1 4o - 05
4 . O 7e - 05
-5 .1 3e - OS
- 4 .46e - 0 5
deriv a,tiv e
with the air te mpe rature
ch1 2
0 . 0 0129
0 . 0 0 0 145
4 .2 1e - 05
- 1 . 5 7e -O S
- 2 . 0 6B -0 5
ch 1 3
0 . 0 0 0387
7 . 97e - 0 5
-7 .5 8e - O S
-0 .000 1 4 0
-5 .60e - 05
ch14
- 3 .5ア○ - 0 6
- 7 . 0 1e - O5
10 . 0 0 0 1 62
- 0 . 0 0 0 214
-7 . 4 8B - 05
of abs orptio n c o e缶cie nt
i日 n e arly eqllals to 2:erO,
s oin this spectrtl mthe airtemperature depe ndence
ofthe transmittaJIC e C an be neglected.
4 Pa rtial de riv at,iv e definitio n 4.2 .2 Atm osphe ric ,adia n c e
fr o m the nu m e rical sim ula - The pa∫tial deriv ertives ofthe atm o sphe,ic ,a血 nce
tio n
Alo ng withthe above dis cll S Sion, the partial deriv a-
tives ofthe tr a n smitta n ce and the atm ospheric r a-
diaJIC eis ne eded. T he a nalytical definitio n ofthese
values are ve rydifBctlt, so the n u m erical8im ul 由ion
is m ade.
4.1 Co nditio n s
The ltl m e ricalsi皿 11ationi自 m ade ti nderthefollow _
ing c onditions .
A ir te mpe r atu r e/T u mi dity pr ofile:
1 0[deg.]inte rval 1ogditu al average of m o nthly
m ean N C E P[2]dataBet.
A ltitllde: SF C
,
850
,
70 0
, 50O, 300[h Pa]
D iqe r e n ce inte r v al: 1 % of the air te 皿pera-
t11 re/w ater v apor miⅩi11g ratio.
4.2 Re s 11ts
4. 2.1 Tra n s mittBLn C e
The abs orptio n co e氏cie nt(Eq. (ll))a,nd the paJ -
tial derivative of abs orptio n co e缶cient wi th the a l r
temper attLre(Eq.(12)a x elisted in Ta.ble 2, 3.
Table 2: abs orptio n co e缶 cient【1/(g/kg)l
[hPd ch l O
300 0. 0 1 1 9
500 0 . 0 1 9 6
700 0. 0 2 3 7
8 5 0 0 . 019 8
1 01 30 . 0 02 84
chl1
0 . 00 6 7 8
0 .0122
0 .O 157
0 .0 1 2 8
0 .0 0 1 8 4
ch 1 2
0 . 0 0 35 3
0 .00764
0 .0 1 1 0
0 .0 0 900
0 .0 0 1 34
ch 13
0
. 00 31 3
0 . 0 0 8 9 2
0 . 0149
0 .0 134
0 . 00 22 8
ch 14
0 . 0 0 4 1 3
0 . 011 4
o .b188
0 .0 170
0 . 0 0 2 8 6
a r elisted in Table 4
,
5.
Table 4: W ater vapor miⅩing ra･tio[W/c m2/sr/c m-
1/(g/kg)】
[h Pa] d11 0
3 0 0 - 4 . S ヨe - O 8
5 0 0 - 7 . 7Oe 109
700 3. 1 8e 1 0 8
850 3 .6 4e 10 8
10 136 . 8 6e - 0 9
cI11 1
1 2 _ 6 4e - 0 8
7 . 0 9e - 1 0
3 . 2 0e - 0 8
3 .3 2e -0 8
5 . 488 - 09
⊂叫 2
1 9 .4 2Q - 0 9
8 .2 7o - 0 9
3 .a le - 08
3 .22o⊥0 8
5. 6 1e - 0 9
ch13
- 9 . 34e -10
2 . 6 9e - 0 8
6 . 9 7e - 0 8
7 . 3 OB - 0 8
1 . 42e - 0 8
ch 1 4
- 3 . 8 7e - 0 9
3 . 27e - 0 8
9 . 0 8e - 0 8
9 . 7 3c - 08
1 . 8 8e - 0 8
Table 5: Air te mper atu re[W/c m2/sr/czn- 1/K】
[hPi] chlO
3 OO 9.2 6e - 1 0
5 0 0 3.8 2匂 I O9
7 0 0 7 .6 18 - 09
8 50 6.3 4e - O9
1 0 1 37 .3 1e - 1O
chl1
6 .4 4e 1 10
2 . 5 7e - 0 9
5 . 2 7e 1 0 9
4 . 5 9B - 0 9
7 , 6 8e - 1 0
ch 1 2
3 , 2 2(】- 1 0
1 . 6 3e 1 0 9
3 . T O¢ - 09
3 .40e -0 9
6 . 9 68 - 1 0
ch 13
3 . 45e 1 1 0
1 . ¢3o - 0 9
2 . 9 9e - 0 9
i . 68e - 0 9
-1 . 8 8e - 1 0
ch1 4
2 . 6 9e - 1 0
1. 54e 1 09
2. 9 1e - 09
1 . 15o - 09
1 6. 3 9e 1 1 0
4 .2.3 Do w n wa rdir radia nce
Table 6: W atervapor mixing ratio[W/c m2/sr/c m-
1/(g/kg)】
【h Pi】chlO
300 5, 93e - 09
500 2. 4 4e - O8
7 0 0 4. 6 5e - 08
8 5 0 4 . 2 0e - 08
1 013 7 . loo - 0 9
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chl1
4 . 67e - 0 9
2 . 2 1e - 0 8
4 . 53色 - 0 8
3 . 99色 - 08
6 . 8 9¢ 1 09
ch 1 2
S . 4 7e - 0 9
2 .40e - 0 8
5 .00e 1 0 8
4 . 25e - 08
7 . 46e - 09
ch13
1 . 1Se - 0 8
6 . 0 0e - 08
i .05e 1 07
1 . 0 6Q - 07
2 .0 7e - 0 8
ch14
1 . 5 8e - 08
6 . 54e - 0 8
1 . 3 5e 1 0 7
1 . t oe - 0 7
2 . 738 1
Table 7: Airte mperatur e【W/c n2/sr/c m- 1/Kl
30 0 3.35e - 1 0
50 0 1. 56e - 0 9
7 00 4 . 4 18 - O 9
8 S O 5. 1e 1 09
1013 3 . 0 3e - 0 9
3 .lie - 1 0
1 .20¢ - 0 9
3 .lee - 0 9
4 , 0 4t〉 - 0 9
2 . O 且e - 0 9
2 . 6 4e - 10
1 . 0 5e - 09
2 . 71e - 0 9
3 . 4 9e - O 9
1 . 7Oe - 0 9
3 . O 2e - 1 0
1 . 0 6e - 0 9
1 .75e - 0 9
8 . 6 8e - 10
8 .49e - 1 0
8 .02o - ll
3 . 5 5e - 10
3 . 92e - 10
l l .O le - 0 9
9 . 52e - 1 0
T hoseir radia n c e a∫edivided by ” .
5 Ex a mple
As an ex a mple ofthe ln C ert ainty c o mplltatio n, the
nllm ericalsirndation lュnder thefollowing c ondition s
aredone.
Table 8: Dow nw a rd ir radia.ne etl nCe rtainl.ies under
tropic(Tr･) and ITSStandard(U S)atm osphere
S,D ･[%1 F lo F l l F 12 F 13 F 14
n . T(p):3Ⅰく 14 18 2 1 2 2 20
Tr. t1(p);10% 10 13 1 7 20 2 0
US･ T(p):3 Ⅹ 1 5 18 17 20 18
U S. t1(p):10% 4 5 6 9 10
T able 9: LaTld le a v l ng radianc eu nc ert aintiesll nder
tropic(Tr･)a.nd U Ssta ndard(TIS)atm o sphere
S ･D ･[%J IslO Isll Is12 Is13 Is14
Tr. T(p):3 K 1O 6 6 7 8
Tr. tl(p):10 % 8 6 5 5 6
U SI T(p):3Ⅰ( 7 5 5 5 6
U S. u(p):1 0% 3 3 2 3 4
t2]Schtlbert, S･ D ･ , J･ Pjaendtn er, a nd RI Rood,
1993. An a ssi milated data s etforE arth scien ce
applications . Bull. A m . h4et. So c. , 74:, 2331-
2342.
Snrfac e
.
te 皿Perattlre: 2 8 4･15P(](U Sstandard),
2981 5[K](tropic).
6 Co n clu 5io n
T he r elationship between the err or of the atm o-
sphericdataset using A S TE R/TIRatm ospheric Cor-
re ctio n and theland lea vlngr adian cea nd thedow n-
w ard irradiaLnC e a r eform ulated･ And the pa.rtial
deriva.fives a r edefin ed at ea ch levels.
R efe r e n c e s
【1]Nakagaw a, Oya na由, Experim e ntal data an alysis
viatheleastSqtlere m ethod, Univ 1 0f Tokyo pub. ,
p p. 2 0 6, 1982.
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